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Ibe •ff«ct of t«o-dlm«n«lon«l bumpa and surface 
Mvi&aat ea tha praaaara 4iatrltetlaa arar airfaila la 

considered. It is shown that the results of the aialyalt 
may ba useful in evaiuatias tne affects of accidental ot 
iateadad aurfa«« ilatertioa* M thm iwmg M4 •vitiMl 



In the davelopaent of the 17ACA low-drag elrfollit %^ 
was found that in ordar to roalisd extensive laminar 
Wuadary lay art at hisli Baym*14a sttnbart tha praaaura 
fradiantt over the turface laust to favoratle (i.e., the 
praaaura muat fall pro#;reeeivaly downstream). On commer* 
aialljr fabrleatad alrplaaa wlacat aaM aurfaca vaviaaaa 
is generally present in the finished product. Koreover, 
wavinaaa may also occur owinc to tha anplication of air 
loa4a im ftt^%» partiaularly if tha aurfaaa ^ia la thimm 
tpMrUiaas distorts the pressure e^radients over s^:ch ^ur- 
faa#tt ao it la important to datar&^&a for low-dra^ winiss 
ta i^t tslaat wairimaaa My ha talatataA* 

Os %1m Win^s of i;*i^a-ttpawd airpiai^es, surface ^avi- 
aaaa • Im it a affaat ta %h% praaaura diatrihutiaa - afaimia 
af iaportanca aiaf^ |^ My niitaiti^ly i«vay th« apitifi^ 
■aah number* 

It is T/fcll kaa«a that a t*:.in s::ee^ of metal h^.n 
auttjected to a oo»praaaive load zixi a^^flect elastic Uly 
ia a wave shapa vhloh may ha approximated hy a coaine 
m^rvaa Xa tha anelysia to follow, the effect of a sin^^la 
•ad a aoatiauoaa two-aim«naioaal cosine'^-wavy type of 
awrfaaa «ittat%i*a toviac a*raii^%*liaa alMMata is 



3canv,'ii3o direct icr. o:. tno Dross": re d i 3 1 r io-: t \ on ever fin 
airfoil la coudiucrud. Xhu rosuits 0:' tn« aani^sls can 
%• «««A t* •▼•lu«t« tU« •ff«et 6f tniTiM** Ml %%• 4r«f 



Consider th-, t wo-dlmor.s i 0 1 -r^vo Hat ortlon of tht 
surface of ac airfoil tho-.Tn in figure 1. If tho naTA 
l«actli ^ of tho distortion Is small In eoBparitoa rrlth 
tb« airfoil chord Rnd t loc«il r«idius of curvf>'nre, ths 
OftloulatioQ of the alteration 01 the. airfoil velocity di«- 
trlbutioa A«« to tha surfaea dlatritatloa say ^« MtlsfM- 

(1) tha uadlatortad airfoil aurfaca la •♦atliOTai %• 

(a) Tha ▼•loeitjr altaretlon tea to tha vava diattt* 
ti«» 9§ la aaXaalata4« 

(a) Tha Taloeltir diatrltutloa oa tha surface of tha 
aiatorted nirfoil is found :y snperposit lor. of the veloo* 
itf distributiou over tha undiatortad airfoil aud the 

▼alaaitf AiatviMjUft wMmum MaiavtaA 9la»a« 
Hm taatla«atta Oaaiaa HHra 

Thtd surf ace lorai of tht^ coatin\;^ou8 coaiuo wave Id 

f « j 1^ (l - aea < . < iO, 

a ' i^ataaaa alaac tlta mrf aaa fraa as i^Vlf Mitf vaf araaaa 

X wave length 



f kaight of tho vava at tlM vaiat fta MfttaaaA twm 

the troMfoh 



It li thowa la rof#r#Be# 1 that tho laerosottt of to» 

locitj over a tturf«ice l'.v^ at the ooint ) diie to 
omall chaugo in ourfaco a^apot may bo dotorAiuod by tho 
approxlnato rolatioa 



^4. 



(3) 



v;nere is the i'roe-streac velocity, dy/as is t:.e 

chaneie In slop* of tli« •urfaes at tb« poiat aad tli« 

far tX« eotttiauottk eotlnd «•▼•• thm lata* 
p»tlatt ara tkna and 



% itt%»tl%«%ia»» arMtlaa (a) ^Maaaa 
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•0 that t)i« abM^* la v*loclty at • poiat « 4t f iMlly 



▼o ' ^ . * 

S]x« eoatiauout aMlM •hAp«» and th« eorrttpoad* 

ia« e]Mia£« ia tlit paraMM ^~ \ • A«« i« m§^^m%^ 

tiob ou a turfaca of sueh a vava ahapa* ara civaa la fie 
nra 3. 

Tha Slnsla Coflat luap ' 
7or tha al&^Xa eoalaa buop* 



^ H^l - eoa 0 < a< ^ C4) 



wi^brain tha symcoia are t..e same aa those of aqnatlon (1). 
Tba valoclty eha&rra proaotad by atich a tuap uiay be calc-.;- 
latad, nalnt the lr.te^ral e^ .'^tior. (3),prpvidad tha llmlta 
of Intatratloa ar* fro:a s w to a «X. Sutatltutlaf 
tlia alopa af tha bump a* obtained cy 4if f araat latiaa Of 
•4«atiMi (4). I# •«aa%U* U). «lvaa 
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lattla^ 
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Vhieh 9lt% funetioEs 0f th« upp«r limit x» ' mri known as 

the "cosine intot^ral^ and "sine : e r 1 , " 1 e t ively , 
and are coiuiaoul;^' denoted Ci .x) aaa 61 (x). laoular 

Talu«« if fsftetioaa ara ^iven ia raf arence 3# flM 

•iiifttl^ f ar tikif Talaaitf >M»#Mml at # &# Mm» 

provided the eoein^ intafrrl It considered poelttra for 
either poeitive or negative valji^is of tho ar^-uxont. vhile 
tha aiaa iata«raX ia aaaaidared to have tha aama ai£n aa 



tts«M»# flmm^mt | ^ ^ |^ oMalmsA from 

•faalions (4) and U). r#8p«oiit#l7 1 tr* lltttA ift t^lM X 
Mi ftXi i^Qwa 111 fiftur* 9t 

PXiCUSSXOS ASP COHCLUSIOSS 

d(Av/v.) 

Tha maximum velocity i^r^dients for tue 

d(s/X) 

aln^lo eoalne Hump and for the coutinuous coaino wava may 
ba aota from figuro 2 to ba about tlia aamai tha lattar 

It foXlowa that a aiagla bump on tha aurfaca of a 
ttt^^Tmg airfoil is approximat aly aa affactlra la dlarupt* 
lag an otharwiae favorahla valocity «;radlant aa la a oon- 
ts^nuoua aarlaa of auch humpa. Aa a eonvanlant rula, tha 
maslatum Taloclty gradlant for a ain/le coalna bump jr 
eontinuoua coalna vava la ±20 h/X. For a typical lo«7-* 
drag airfoilt aueh aa tha FACA 66,2-215 (rafaranca 3), tha 

4(Y/V ) 

fftirat*%A« gMA^iast forward of tha minimum praa- 

aura point la 0.07 at tha Idaal lift coafflclant (Cli « 

In thia caaa, then* a bump or continuoua waTa for which 

h/x = 0.07/20 or 0.00^5 (i.e., approx. l/32-in. halght for 
a 10-in. wawa langth) la aufficient to rt-auce the gradiaatt 
locally f to lero. It should oe uo^^d t.xat, if tha lift 
coafflclant wara increaaad to 0.4. di3t'>rtlon of tha 

uppar aurfaca forward of thd minimun. ^:ruo:i. oolmt would 

pr'^rr.ote en 9dvt;rse gradi^n^ sii'.cei for Cj^ - 0.4, the 

gradlant ^« jiar.o faf thl| portion of tha undlatortad airfoil. 

• • • 

► ■ . • 

■ :• Rfc rdlng th« effects of c ..os on the low-dr«g 
'iik«ract»ri»tlcs of tuch airfoils, a tueoratical invaatlgA* 
ll.ft hat taan mad* of tli« affaet as tha iraltia 9t tha pa* 
r«Mt«r iaVl* (rafaranca 4) of ? t r of aufflclMt 
■ice to red^ice th« favorabl<» grAdiunt to.garo. ti&oa tl^la 
amaiysis 6uo»ad that such bumpa cLaa^ea tha valua of S^/h^ 

Ir tao« than 1 pareaat far tha ua«al la«>4ra« airfailot 

it would be coucludad that trattfitloc ^a«ld ha aaaffectad 
h]r thalr praaaaca. tha faw aTall9k>l« aafariaaatal ot^ar- 
▼atloaa of tha ittflnanea of aneh haapa aa traaaltiaaa 

appuf-r to 3v.'port tr.v, roaulta of th* t: eor .t i c«) 1 ansl;.-sis. 
Ihathar or &ot aur^^ace diatcrtj^ona which proi^otw u&favor- 
ahla gratiamta ara parsicaihia it a ^at «uaatiaa*- 



'▲s.rt^ards th« «ff»ct..of sttrii'acii dlstorticr* oa tlx* 
•ri%i««l llaik. ma%#t airfoil*, it vill:^« sotiiA. ,fMB'. 
fisiiv«.'J» %tet «li«i»i«cl«. %»a9..iB4«c««. • Msiana-'toiMitf 



'-^9- 



It fgllowt that a slngla Im^p cant^r^d on the miplttum..^ 
praaauro point la aom^w]tiat mora datrlmtntal to t&a'etit* 
lafl/llmch nuiu^ar than ii^ tfca .eorrotpondlnjs seri <i8 of .such 
Iwpa. Sonid Idea of tbf'^mfBti^at ^Ta af^fot of a iua^. on 
tHa orlilcal Mach naciher eaa ta aaaft froi.'ilia jTollavlact 
tkk iiaaa 'bvap (h/\ ^ O.ooas) \7aich w»*t t^ow^ Vo raduea. 
t&a irarorablja'cradi«nt of th^ NACA 66]2-PA5 alrfoilt at 
f» m 0«8 ' to aaro would, if cantar<^d ou ^ha mlnlpms praa- 

•iir# polatt imaraaaa the :::axi::ium ralua of (T/To) fros 
l#621 (referencti i) to [^^^. 521 0 . 70 (C.OC^^ )]^, which 
.•fuala l*b&6. Thla corraapopda to a d^cj:^^^^ ii^ the i;rit- 
iaal Maa^ «|t»V€r 4rtf-#ramo« ») fm.0»«»9 .to 0>«a3« TiMraA 
in another light, this bump*. tffacts the critical Mach nnm- 
bar aa much aa incraa^lng tha thlckneaa-chord ratio of tha 
•irf0il frMi 0.16 ta 0.1%. 

Wpt diatortioua of ahort vava lan^th for which tha 
MslMUi haiclii la of tba aasa ardar or less than tha 

boundary- lay er tnicknods, there is eoae indication, botlj 
frott. thaory • and axjgar iu^ant ^ that tne velocltio^ induced 
Igr aa^ll diatartiomf full tmr fhort of tho^e .predict ed. 
1 ■ . e ^ "re, o r t o o r e 3 j n t 1 e « „ t , c h :^ * o c t s of w e v i - 
nesj a«>;nave weeii i^howf^ nerei:^ i^^.st &e coi^^jii^red to. bet. 
pr^aarliy^ of qualltaiiirf Mithar than fy^ant itat ive impar>» 
tanaa In those instances -/hevci:. ^ ha.,«f|V«4|^aiflk|.:^f 
tka boundary- lay ar t:«ic/:ue;ii». 

• ' ' * - ♦ • * • * .... .,**•'* 

E:; co:r.:lnlns the ef:^ect3 ^iron shg^e of sultaoxy 

piacua cot»iua buttpf of yari^uo oizest it is pos^ivle to 

•ianlata.frtatiaaliy .ftmir daairad' ohfiaca lii^ ahapa. and tat 

over-all effect of t iooir*^-^: c^ne ':pon velocity dis- 
triout^Qn a;a^ ti^e;^ cu aeter*^inud ^uoerpo«it ion of tha. 



^ ..for •Mx&pi#> fixture «iCa) •nova a rou&d«d-*«ds# lap 
i«ilit» alMlat^A by addijag eoalsti.biispt at half wmr%^ 

lont;,th intervals dorustream fron-i an initial bump r/hich 
rapraaantt tha roundad ad^a of tba lap. fl^ura uuqw§ 

In ragard to tha aeetiraey of tlia prlneipla of anper- 

position of velocities aXid sl.aoes, it should ce' oointcd 
out that auGh auparpoalt ion la aat laf act orjr ,provldad tna 
Mdimt of etirTattir# of tha atirfaoa to whleh tha huap la 
>Mt4 la lar^^^e. Thus, superposition on an airfoil surf^^co 
•ill Clva accurate raaulta axcopt In tha vicinity of tha 
routtdad laadlBc adga. than It la daalrad to flad tha af-- 

feet of sor-e modification near the le-.dii-£: ol^e of an 
alrfollt tha graphical mathod of rofarence 5 la recom-; 
mmidad. Mbraovar, th* alngla eoalna bump may ba adt ia^ 
factoriiy employed on some threc-dinKmsional "bodies. It 
Mjr ha uaad, for axamplat with raaaonabla accuracy to find 
ittik ehanga Im TaT^eltjr dlatrlhutloa OTor • hM|r •f't0t#l««» 
tion (e.g., a fusulaga . lEIM %p MMW mmt% ' 

chanco in dlmaAalona# 
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Figure 2.- Valoeity distribution in the vicinity of a single cosine 
and a cMtlaMM eoslM 
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